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Method of fahriratin g - throug h-connect ions in a 
.subs trate , a nd substrate equipped with such connections 

The invention relates to a method of 
5 fabricating conducting through-connections between the 
front face and the rear face of a substrate, as well as 
a substrate equipped with such conducting connections. 

The invention applies especially to substrates 
intended to accommodate a microelectronics structure, 
10 such as a sensor, a magnetic head or a microactuator , 
or intended to accommodate a microelectronics circuit. 

The substrate may be electrically conducting 
(for example made of silicon, or of polysilicon) or 
insulating (for example made of ceramic) . 
15 The conducting through-connections make it 

possible to provide discrete electrical contacts 
between the front face and the rear face of a 
semiconducting, insulating or conducting substrate. 

The use of conducting through-connections makes 
20 it possible: 

to have a denser number of electrical 

contacts, 

- to provide electrical contacts over a stack 
of substrates, 

25 - to supply the components electrically from 

the rear face of the substrate when the wiring cannot 
be done on the front face. 

The technique widely used to fabricate these 
conducting connections consists in piercing the 

30 substrate from front to back (for example by laser 
firing) , in electrically insulating the hole (in the 
case of a semiconducting or conducting substrate) and 
in filling in the hole with a conducting material. 

In the majority of applications, the filling of 

35 the holes has to be complete in order to allow the 
electrical contact to be picked up easily, in order to 
continue the technological stages relating to the front 
and rear faces after the fabrication of the conducting 
connections and in order to allow the electrical 
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contact to be taken up after any thinning of the 
substrate at the end of the process. 

The filling is generally done with a conducting 
paste injected under pressure (method used to form 
microelectronics packages) . Although effective, this 
technique is fairly "violent" and gives rise to defects 
on the faces of the substrate (splinters, roughness, 
cracks, stresses, etc) . This technique can even entail 
a loss of insulation in the case of semiconducting 
substrates. Furthermore, the paste is made up of 
metallic particles mixed with a solution based on 
polymers and solvents. This solution, which serves as a 
binder, has to be removed after filling. This removal 
causes a not inconsiderable shrinkage of the conducting 
material which can be the origin of holes which are 
responsible for loss of conduction. The paste may also 
be the origin of contamination, the polymers being 
difficult to remove. 

Other techniques have been envisaged, in 
particular those described in the document "Electrical 
Interconnections Through Semiconductor Wafers" by T. R. 
Anthony, published in the magazine Journal Application 
of Physic 52(8) of August 1981. It covers: 

the use of electrolysis methods, which 
generally lead to a surface filling of the hole due to 
problems of wetting and of edge effects or 

- the filling by a molten metal. This technique 
poses problems of thermal expansion. Metals with a low 
melting point (below the softening temperature of the 
substrate) exhibit a high coefficient of thermal 
expansion, often much higher than the substrate. This 
results in difficulties of a mechanical nature 
(stresses) or technological nature (risk of cracking of 
the deposited layers) . 

One of the objects of the invention is to 
alleviate the abovementioned drawbacks. 

To that end, the subject of the invention is a 
method of fabricating conducting through-connections 
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between the front face and the rear face of a 
substrate. The method consists: 

- in hollowing into the substrate, from the 
rear-face side, cavities having a depth and a cross 

5 section which are defined so as to delimit studs of 
defined cross section which are intended to provide for 
electrical conduction between the two faces and 

- in filling in the cavities with a dielectric 
material . 

10 A further subject of the invention is a 

substrate equipped with conducting through-connections 
between its front face and its rear face. The 
conducting connections consist of studs delimited by 
the hollowing of cavities, in the rear face of the 
15 substrate. These cavities are filled in with a 
dielectric material . 

The method consists in forming the conducting 
through-connections by delimiting in the substrate 
(semiconducting, insulating or conducting substrate) 
20 studs which will serve as conducting passages between 
the rear face and the front face of the substrate. The 
delimiting is performed by hollowing out cavities. The 
cavities are filled in with a dielectric material in 
order to provide for the mechanical strength and the 
25 electrical insulation of the studs. 

The use of an insulant as a material for 
filling the hollowed cavities presents the advantage of 
offering a coefficient of thermal expansion close to 
that of the substrates widely used in microelectronics. 
30 Furthermore, after filling, a thinning of the 

substrate on the two faces makes it possible to remove 
the short circuits due to the substrate and the 
surpluses of filling material. 

The invention moreover has the advantage that 
35 it allows: 

- easy picking-up of the electrical contact, 
even after thinning of the substrate, and 

very good electrical insulation of the 
conducting passages. 
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The substrate may be insulating (for example of 
ceramic) or slightly conducting (for example of lightly 
doped semiconductor) . In these cases a metallic deposit 
is formed or can be formed on the studs before filling 
of the cavities in order to provide the electrical 
conductivity of the studs. 

In the case of the use of a silicon substrate 
of silicon-on-insulator type, better known by the 
acronym SOI, the thinning of the substrate which is 
intended to cut the short circuits after filling can be 
replaced by etching of the silicon and oxide layers on 
the front-face side in order to make the studs show 
through . 

A substrate equipped with conducting through- 
connections which are obtained by a method according to 
the invention can play a part in delimiting an 
enclosure. The substrate may make it possible to seal 
the enclosure in such a way that the atmosphere in the 
enclosure is perfectly defined with, in particular, a 
pressure capable of being used as a reference pressure. 
The leaktightness of the substrate is not in any way 
affected by the conducting through-connections 
consisting of the studs. This is because, on the one 
hand, the conducting through-connections obtained by a 
method according to the invention leave the front face 
of the substrate perfectly flat and, on the other hand, 
the dielectric material fills in the cavity in a 
completely hermetic way. The possibility of being able 
to carry out sealing plays a vital role, in particular 
for the fabrication of microsensors . 

Other characteristics and advantages of the 
invention will emerge with the aid of the description 
which follows. The description is given with regard to 
the annexed figures which represent: 

- Figure 1, a substrate on completion of a 
first stage of the method, 

- Figure 2, a magnification of a stud, 

- Figure 3, a substrate on completion of a 
second stage of the method, 
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Figure 4, a substrate on completion of a 
third stage of the method, 

Figure 5, a substrate on completion of a 
fourth stage of the method, 

- Figure 6, a substrate on completion of a 
fifth stage of the method, 

- Figure 7, a substrate on completion of a 
sixth stage of the method, 

Figure 8, a substrate on completion of a 
seventh stage of the method, 

- Figures 9 to 14, the stages of the method 
implemented with a substrate consisting of a stack of 
layers . 

Figure 1 represents a substrate 1 having a 
front face 2 and a rear face 3. The substrate 1 is 
usually of silicon, but it may be of another type, 
ceramic for example. The method according to the 
invention applies equally well to a slightly conducting 
substrate (a semiconductor such as silicon, possibly 
doped) , and to an insulating (ceramic) substrate or 
else to a conducting substrate. 

The first stage of the method consists in 
delimiting studs 4 in the substrate 1. These studs 4 
are intended to provide an electrical connection 
through the substrate 1. The studs 4 are advantageously 
formed in the substrate 1 itself. 

The delimiting of a stud 4 is performed by 
hollowing out a cavity 5 in the rear face 3 of the 
substrate 1. According to the example of Figure 1, the 
cavity 5 has a ring-shaped circular cross section. This 
ring has a width I d and a diameter 2* (I p +I d ) with a 
solid part of diameter 2*I P which constitutes the stud. 
The cavity 5 has a depth Pd less than the thickness e 
of the substrate 1. The cross section of the cavity 5 
may not be circular, but square, rectangular, etc. The 
same goes for the cross section of the stud 4, the 
cross section of the stud possibly being of a different 
shape to that of the cavity. 
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The hollowing of a cavity 5 is achieved by 
known techniques. One of the known techniques consists, 
with the aid of a mask, for example, made of resin or 
of oxide, in carrying out dry anisotropic etching. 
Another known technique consists, with the aid of a 
mask, in carrying out chemical etching. For a silicon 
substrate of thickness e = 525 Jim, the depth P d of the 
cavity 5 is of the order of 300 Jim. For a ceramic 
substrate, the hollowing is generally performed by 
mechanical machining of the substrate. 

Figure 2 is a magnification of a stud. The stud 
4, of . diameter 2*I P , is delimited by the cavity 5 in the 
shape of a cylindrical ring of width I d - For example, 
the stud 4 has a diameter 2xl p = 50 jim and the cavity 5 
a width l d = 50 jim . 

Figure 3 illustrates the second stage of the 
method. This second stage is optional; it is necessary 
when the substrate 1 is not sufficiently conducting, 
for example in the case of a ceramic substrate. This 
stage consists in carrying out the depositing of a thin 
conducting layer 6 which has the function of increasing 
the conductivity of the stud. Depending on the 
technique used to carry out the deposition, the layer 6 
is deposited only on the rear face or else 
simultaneously on the two faces. 

The technique used should allow a deposition 
over the entire height P d of the stud. On completion of 
this stage, the surface of the rear face, and possibly 
of the front face, is completely covered with a thin 
conducting layer; the surface of the rear face 
comprising the surface of the studs 4 as far as the 
bottom of the cavities 5. A technique of chemical 
deposition in vapor phase, for example of tungsten (W) , 
makes it possible to obtain a deposition of a 
conducting layer 6 in accordance with the above 
description. Such a technique is known by the acronym 
CVD, an abbreviation of the term Chemical Vapor 
Deposition . 



Figure 4 illustrates the third stage of the 
method. The cavities 5 are filled in with a defined 
material 7. The material 7 should be insulating or only 
slightly conducting in order to insulate the stud from 
the rest of the substrate 1 when the latter is 
conducting- The deposition technique consists typically 
in deposition by melting. The method makes it possible 
to use materials having a low coefficient of thermal 
expansion. The material may advantageously have a 
coefficient of thermal expansion very close to that of 
the silicon, in the case of a silicon substrate, while 
having a melting temperature less than that of the 
silicon. The low coefficient of thermal expansion makes 
it possible to avoid the awkward problems relating to 
the difference in coefficient of thermal expansion 
between the filling material and the substrate; 
problems with which certain known connection techniques 
are confronted. 

The material adopted may be glass, deposited by 

melting . 

The material 7, in addition to an insulation 
function which is necessary when the substrate is 
conducting, performs a function of retention of the 
stud 4 . The material 7 integrates the stud 4 over its 
height with the substrate 1. The material 7 may, 
moreover, participate in delimiting a sealed enclosure. 

Depending on the deposition techniques used, 
the material deposited may cover the whole of the rear 
face as Figure 4 illustrates. 

Figure 5 illustrates the fourth stage of the 

method. 

This stage makes it possible to uncover the 
substrate by removing the unwanted surface layers. When 
the dielectric 7 overflows from the cavities 5, it has 
to be removed by thinning the rear face 3 of the 
substrate 1 . The thinning may consist of a lapping, 
polishing, etching or a combination of these various 
techniques. Lapping consists in abrasion which has the 
drawback of leaving a surface having a scratched 



100301!^ IU O 3L3Q1 

- 8 - 

surface state. In order to remedy this drawback, the 
abrasion is followed by polishing in order to obtain a 
smooth surface state. One polishing technique is widely 
known by the acronym CMP, an abbreviation of the term 
Chemical Mechanical Planarization . This technique has a 
double effect, mechanical and chemical, which makes it 
possible to obtain a smooth surface. The polishing is 
particularly important when the second stage has not 
been implemented, that is to say when there has been no 
deposition of a conducting layer. The etching may 
consist of dry or wet etching. Dry etching employs a 
plasma, wet etching employs a chemical bath. 

The thinning described above may make it 
possible to remove the conducting layer (deposited 
during the second stage) from the rear face 3 and from 
the front face 2 if the conducting layer is present on 
the latter. The removal of the conducting layer can be 
carried out in an independent or supplementary way by a 
known specific technique, for example by dry etching or 
wet etching.. The dry etching may be of the RIE type, an 
abbreviation of the term Reactive Ion Etching. 

On completion of the fourth stage, the 
substrate comprises a set of studs 4. This set may 
comprise a single stud 4 . The maximum density of studs 
capable of being delimited in a substrate of given size 
depends, in particular, on the performance of the 
etching technique used during the first stage. The 
cavities 5, filled in with a dielectric material 7, 
provide the mechanical strength and the electrical 
insulation of the studs 4. The material 7 may, 
moreover, participate in delimiting a sealed enclosure. 
The use of a dielectric as a material for filling the 
hollowed cavities presents the advantage of offering a 
coefficient of thermal expansion similar to that of the 
substrates widely used in microelectronics. The method 
makes it possible to solve the problems relating to the 
difference in coefficient of thermal expansion between 
the substrate and the filling material. The method 
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overcomes problems of removal and of contamination, 
moreover. 

The fifth stage, Figure 6, makes it possible to 
eliminate the short circuit between the stud 4 and the 
5 front face 2 of the substrate 1. The elimination is 
performed by a thinning of the front face according to 
a known technique. A first technique may consist in 
lapping, by abrasion, the front face 2 of the substrate 
1; a second technique may consist of dry or wet 
10 etching; a third technique may consist of a combination 
of lapping, etching and polishing. The studs 4, 
possibly metallized 6, are conducting elements which 
make it possible to establish electrical through- 
connections between the two faces 2, 3 of the substrate 
15 1. The front face 2 of the substrate 1 is generally 
intended for the installation of an electronic function 
or of a microstructure, a microsensor for example. The 
studs 4 make it possible, for example, to supply the 
microsensor electrically via the rear face 3 by 
20 providing an electrical connection between the rear 
face 3 and points of contact within the circuit of the 
microsensor. The studs 4 make it possible to have 
available contact points which do not affect the 
flatness of the surface of the front face 2 of the 
25, substrate 1. A substrate 1, equipped with studs 4 
obtained according to a method according to the 
invention, may contribute to delimiting an enclosure. 
The substrate may make it possible to achieve sealing 
of the enclosure in such a way that the atmosphere in 
30 the enclosure is perfectly defined with, in particular, 
a pressure possibly being used as a reference pressure. 
The leaktightness of the enclosure is not in any way 
affected by the conducting through-connections 
consisting of the studs. In fact, on completion of the 
35 fifth stage, the front face 2 of the substrate 1 is 
perfectly flat. 

The sixth stage, Figure 7, consists in 
depositing a thin insulating layer 8 on the two faces 
2, 3 of the substrate 1 and in opening up contact 



regions 9 opposite the studs 4 . The deposition of a 
thin insulating layer 8 is performed by a known 
technique, for example of the plasma type such as the 
technique known by the acronym PECVD, an abbreviation 
of the term Plasma Enhance Chemical Vapor Deposition. 

The opening of the contact regions 9 can be 
performed by masking and etching of the insulating 
layer 8. The masking can be carried out by 
photolithography . 

The seventh stage, Figure 8, consists in 
physically forming the points 10 of contact opposite 
the studs 4. The physical forming is carried out by 
known techniques which consist in depositing a thin 
conducting layer 11 on the two faces 2, 3 of the 
substrate 1 and in cutting out the points 10, for 
example by masking and etching of the conducting layer 
11. The masking can be carried out by photolithography. 

Figures 9 to 14 illustrate an implementation of 
the method with a substrate consisting of a stack of 
layers. This substrate 1 may be of SOI type, an 
abbreviation of the term Silicon On Insulator. The 
first layer 12 of the stack consists of silicon. The 
free face of the first layer corresponds to the rear 
face 3 of the substrate. The second layer 13 of the 
stack is an insulating layer. It consists of a silicon 
oxide. The third layer 14 of the stack consists of 
silicon. Its free face corresponds to the front face 2 
of the substrate. An SOI substrate has the following 
thicknesses, for example: 

1 st layer: 500 jam 

2 nd layer: 0 . 4 \m 

3 rd layer: from 0.2 \m to several jam. 

The third layer 14 is generally reserved for 
the fabrication of electronic functions or for the 
implementation of microstructures , for example a 
microsensor, a microactuator , etc. 

Figure 9 illustrates the first stage of the 
method. According to this implementation, the cavities 
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5 are hollowed until the insulating layer 13 is 
uncovered . 

When the method is implemented with a substrate 
of SOI type, the second stage does not exist. 

Figure 10 illustrates the third stage of the 
method. The type of substrate does not alter the 
implementation of the third stage; this stage 
progresses according to the description given with 
regard to Figure 4 . 

Figure 11 illustrates the fourth stage of the 
method. The type of substrate does not alter the 
implementation of the fourth stage; this stage 
progresses according to the description given with 
regard to Figure 5 . 

When the method is implemented with a substrate 
consisting of a stack of layers, in particular of the 
SOI type, the fifth stage does not exist. 

Figure 12 illustrates the sixth stage of the 
method. Given that the studs 4 are not visible on the 
front face 2, the depositing of the thin insulating 
layer 8 is performed only on the rear face 3. The 
depositing progresses according to the description 
given with regard to Figure 7, with, as a limitation, a 
deposition on the rear face 3. 

Figure 13 illustrates the seventh stage of the 
method. The implementation is different from that 
described with regard to Figure 8 to the extent that 
the points 10 of contact are present only on the rear 
face 3. 

In order to obtain a through-stud, 
supplementary stages are necessary. They are 
illustrated by Figure 14. They consist: 

- in etching the third layer 14 and the second 
layer 13 from the front face 2 by using a mask. The 
etching is carried out as far as the stud 4, according 
to a technique identical to that described with regard 
to Figure 1, in order to uncover the stud and only a 
part of the dielectric. 



± O O 3 O i ^g 1 m O J. 3 Q O 

V 

- 12 - 

in physically forming the points 10 of 
contact on the front face 2 according to a technique 
similar to that described with regard to Figure 13. In 
the case of the points 10 of contact on the front face, 
the cross section of etching of the insulating layer 8 
is less than the cross section of etching of the third 
and second layers of the substrate. 



